INTRODUCTION
============

At the beginning of the twentieth century, when Orthodontics became a science, treatment plans were based on the premise that extraction destroys the possibility of ideal occlusion or ideal esthetics. For this reason, they were condemned by Edward Hartley Angle and his followers.[@B01]

One of Angle\'s most important opponents was Calvin Case who defended dental extractions for correcting facial deformities due to excessive dental or maxillary protrusion. According to Case, extraction was necessary in 3% of cases that presented Class I malocclusion, in 5% of Class II cases and nearly 0% of Class III cases. Thus, considering the incidence of these malocclusions, only 6 to 7% of treated cases required extractions.[@B02] ^,^ [@B03]

In 1930, after Angle died, one of his followers, Charles Tweed, who had evaluated cases that had been previously treated without extractions, decided to retreat several cases that presented relapses. After analyzing the cases treated in accordance with Angle\'s philosophy, he noticed that 80% of his patients did not achieve stability, facial esthetics, periodontal health or functional objectives. For this reason, Tweed defended extractions as a method for achieving facial harmony and providing greater post-treatment stability.[@B04] This finding caused a revolution in orthodontic thinking, and, by the end of the 1940s, extractions were reintroduced.[@B05]

Between 1950 and 1960, dental extractions for orthodontic purposes became common in the United States. Approximately 50% of patients underwent orthodontic treatment with teeth extractions, usually first premolars.[@B06]

After 1960, with greater acceptance of Begg\'s technique, orthodontists who did not employ the Edgewise philosophy adopted this new technique and incorporated extractions into their orthodontic planning. At that time, dental extractions reached their peak and thereafter began to decrease considerably.[@B05]

As noted, the decision to extract teeth for orthodontic purposes has been debated for more than a hundred years. Currently, the criteria that guide orthodontic extractions go beyond cast analysis and the position of teeth in the bone base. The decision for tooth extraction, especially in borderline cases, requires dental, facial and skeletal evaluations to obtain an accurate diagnosis and effective treatment plan. Patient\'s cooperation, facial profile and skeletal age, the presence of dental asymmetry and anteroposterior relations, as well as the presence of pathology, are determining factors in the decision-making involving dental extraction in Orthodontics.[@B07] ^,^ [@B08] ^,^ [@B09]

Concerns regarding esthetic facial aging can be added to the list of factors that strongly influence orthodontic planning nowadays,[@B10] although there are some studies which affirm that extraction treatment does not adversely impact soft tissue profile changes over time[@B11] and does not change patient\'s facial height.[@B12] Moreover, the improvement of bonding in Orthodontics and the introduction of various techniques, such as interproximal reduction, thermoplastic aligners, functional appliances, self-ligated brackets and temporary anchorage devices, also influence orthodontic planning.[@B10]

Even though these resources often promote expansion and space gain in the arches, extractions remain included in orthodontic plans that seek to improve facial appearance and achieve stable results.[@B10]Several papers in the literature have suggested first premolars as the major indication for extraction for orthodontic purposes.[@B06] ^,^ [@B13] ^-^ [@B17] The choice of these teeth is justified because of their proximity to anterior and posterior teeth and because they occupy an intermediate position in the arch, which facilitates correction of crowding, dentoalveolar protrusion and midline deviations.[@B17]

Based on the observed fluctuation in the frequency of orthodontic extractions over the years, this study aimed to analyze, from the point of view of the frequency of dental extractions, cases treated in the Orthodontics Department of Universidade Estadual do Rio de Janeiro, from 1980 to 2011. The frequency of extractions was evaluated with regard to sex, malocclusion classification according to Angle, different extraction combinations and the period when orthodontic treatment began.

MATERIAL AND METHODS
====================

In this study, 1484 records from patients submitted to comprehensive orthodontic treatment between 1980 and 2011 at the Orthodontic Clinic of Universidade Estadual do Rio de Janeiro (UERJ) were used. This research was submitted and approved by the university Ethics Committee (942.974).

Sample inclusion criteria were as follows:

» Clinical charts that allowed the definition of treatment plan with regard to orthodontic extractions,» Presence of all permanent teeth in the oral cavity or under intraosseous development. Third molars were not taken into consideration.

Patients with inconclusive records, i.e., patients for whom it was not possible to determine whether the plan consisted of extractions, were excluded from the sample. In addition, patients who had tooth agenesis or mutilation were also excluded because treatment plan could have changed, considering the necessity of extractions for orthodontic reasons.

For data registration, Microsoft Excel^TM^ 2007 software was used. The spreadsheet can be seen in [Table 1](#t01){ref-type="table"}.

Table 1- Example of the spreadsheet used for data registration.**Registration numberSexStart dateAngle\'s classificationExtractionExtracted teethC IC II D 1C II D 2C IIIYesNo**

After data collection, the frequency of extractions was evaluated with regard to sex, Angle\'s classification, different extraction combinations and the period when orthodontic treatment began.

To determine whether there were correlations between variables, chi-square test was used, with significance set at 5%. Results were divided into six groups (1980 to 1985, 1986 to 1990, 1991 to 1996, 1997 to 2001, 2002 to 2006 and 2007 to 2011), and chi-square analysis for trend was performed to test for statistical significance of changes in extraction rates over time.

RESULTS
=======

The sample consisted of 829 female patients (55.9%) and 655 male patients (44.1%). Regarding the frequency of orthodontic treatment with extractions, the sample showed 680 cases treated with extraction (45.8%) and 804 cases treated without extraction (54.2%). Considering Angle\'s classification, there were 735 patients with Class I (49.5%), 559 patients with Class II, Division 1 (37.7%), 137 patients with Class III (9.2%) and 53 patients with Class II, Division 2 malocclusion (3.6%).

The frequencies of extraction in female patients and male patients were compared, and no significant differences were found between them ( *p* = 0.1773). In both cases, treatment without extractions was more frequent ([Fig 1](#f01){ref-type="fig"}).

Figure 1- Frequency of treatment with and without extraction in both males and females.

The frequency of extraction with regard to Angle\'s classification was analyzed ([Fig 2](#f02){ref-type="fig"}), and no significant differences were found among classes ( *p* = 0.3090). Treatment of patients with Class I malocclusion showed the lowest frequency of extraction, whereas the greatest frequency was observed in patients with Class II malocclusion.

Figure 2- Frequency of treatment with and without extraction according to Angle\'s classification.

Among treatment modalities performed with extractions, the frequency of different extraction combinations was compared according to Angle\'s classification ([Table 2](#t02){ref-type="table"}). Extraction of four first premolars was the most frequent combination, followed by extraction of only maxillary first premolars.

Table 2- The most frequent extraction combinations in relation to the total sample and Angle\'s classification.**1^st^ most frequent combination2^nd^ most frequent combination3^rd^ most frequent combination**Total14, 24, 34 and 44 (48.8%)14 and 24 (14.5%)14, 24, 35 and 45 (4.1%)Class I14, 24, 34 and 44 (66.8%)1 lower incisor (6%)14 and 24 (3.8%)Class II, Division 114, 24, 34 and 44 (36.2%)14 and 24 (20.3%)14, 24, 35 and 45 (6.3%)Class II, Division 214 and 24 (34.6%)14, 24, 34 and 44 (15.4%)1 lower incisor (7.7%)Class III14 and 24 (31.3%)14, 24, 34 and 44 (23.4%)15, 25, 34 and 44 (14%)

The present study also analyzed the frequency of extractions for orthodontic purposes from 1980 to 2011. By dividing this period into six groups, the frequency of extraction was observed over time ([Fig 3](#f03){ref-type="fig"}), and the results revealed significant differences among these groups ( *p*= 0.01732).

Figure 3- Frequency of treatment with and without extraction in both males and females in the whole sample.

DISCUSSION
==========

Few studies in the literature have evaluated periods longer than 20 years in order to study the frequency of dental extractions for orthodontic purposes. The present study found a reduction in the number of cases treated with extractions from 1980 to 2011. Proffit\'s study,[@B05] which evaluated a period of 40 years, Moreira\'s study,[@B16] which evaluated a period of 30 years, and Janson\'s study,[@B18] which evaluated a period of 35 years, also found a reduction in orthodontic extractions over time.

Changes in esthetic standards over time and an increasing variety of resources available to the orthodontist to treat a malocclusion, such as expander systems, distalizers devices, functional and orthopedic appliances, temporary anchorage devices and an increased frequency of interproximal reduction can be pointed out as the primary reasons for the decrease in the number of extractions in orthodontic treatment, as observed by Proffit[@B05] and in the present study. The advent of techniques using bonded brackets, instead of banding of all teeth, also contributed to the reduction in tooth extractions, as observed in previous studies through the 1970s. Moreover, according to Proffit,[@B05] long-term studies that showed no stability expected in patients treated with extractions also contributed to the decline in the frequency of treatment with extractions.

An analysis of the graph presented in [Figure 3](#f03){ref-type="fig"}revealed that the frequency of cases treated with extractions decreased from 61.1% in 1980 to 40.8% in 2011. A detailed analysis of this graph reveals the greatest reduction in extraction treatment in the period from 1991 to 1996. This finding can most likely be explained by the sample having been treated at a university where some of the new treatment techniques are experimented in order to assess their effectiveness and outcomes. During this period, a greater number of resources was likely used for space gain necessary for alignment and correction of dental irregularities. The characteristics inherent to treatment conducted at universities were also cited by another research.[@B17]

In line with other studies,[@B06] ^,^ [@B13] ^-^ [@B17] ^,^ [@B19] first premolars were the most commonly extracted teeth. It is believed that this finding is due to the location of these elements in the dental arch, which favors the correction of midline deviations and space problems in the incisor region.[@B13] ^,^ [@B17]

The choice of teeth to be extracted should consider their position in the arch in addition to other factors, such as cavities, changes in development, endodontic treatment, extensive restorations and/or restorations of poor quality and ectopic location.[@B13]

The analysis of the frequency of different tooth extraction ratings, according to Angle\'s classification, revealed no statistically significant differences, as observed in another study.[@B16] However, in the current study, patients with Class I malocclusion presented the lowest frequency of extractions (43%), while in Moreira\'s study[@B16]these patients had the greatest frequency of treatment with extractions (68.6%).[@B16]

Although Calvin Case was opposed to Angle\'s ideas and proposed treatment with extractions in the early twentieth century, its indications were still far fewer than those observed nowadays. In his study,[@B02]extractions were hardly ever indicated in cases of Class III malocclusion, whereas in the present study, extractions in Class III patients occurred in 47% of cases. In addition, in these patients, maxillary first premolars were the most frequently indicated teeth to be extracted (31.3%). This finding can most likely be explained by the consolidation of surgical techniques for treatment of Class III malocclusion.

Although no statistically significant differences were identified, this study found a higher frequency of extractions in male patients (48%), while in female patients extractions were performed in 44% of cases. Other studies have corroborated these findings,[@B16] ^,^ [@B20] but Peck and Peck\'s study[@B09] observed a higher frequency of extractions in female patients (44%), while only 39% of male patients were treated with extractions. This reduction in tooth extraction in female patients, which is observed in more recent studies, has most likely been justified by the growing concern with esthetics in this population. Extractions followed by retraction of anterior teeth result in a reduction of profile convexity and deepening of facial furrows, which are condemned by current esthetic standards.

CONCLUSION
==========

The number of orthodontic cases involving extractions has decreased over time. The frequency of tooth extraction observed in this study, over a period of 32 years, decreased by approximately 20%.

The teeth most often extracted were four first premolars, followed by the option of extracting only maxillary first premolars.

Analysis of malocclusion revealed that the greatest number of extractions was observed in patients with Class II malocclusion, whereas patients with Class I malocclusion presented the lowest number of cases with extractions. There were no statistically significant differences with regard to sex.
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